The identification of putative cancer stem cells in tumors and cancer cell lines established the new dogma in the field of cancer that tumors are comprised of at least two different subpopulations of cells: cancer stem cells (CSCs ) and non-cancer stem cells (non-CSCs). 1 Characterization of these subpopulations showed that CSCs are more resistant to anticancer drugs and are perhaps responsible for maintaining survival of cancer cells and for the failure of chemotherapy to obtain a cure. 2, 3 Thus, another new dogma has been established according to which eliminating the CSC subpopulation will eventually cure cancer. This has given rise to an upsurge of research aimed at finding ways to cure cancer by targeting CSCs.
It was initially proposed that elimination of the CSC subpopulation will leave the non-CSC fraction which will spontaneously stop dividing when these cells reach the Hayflick limit and eventually stop cancer growth. This assumption is wrong because if we assume that CSCs continuously originate non-CSCs, a fraction of newly originated non-CSCs (at the early stage of the Hayflick limit) will always be present with the potential to grow and produce symptomatic tumoral masses. 4 Emerging models of gliomas are also diverging from the classical stem cell theory and their implications for anticancer drug screening may be extrapolated to other types of tumors. Gliomas are the most common brain tumor in adults and extensive research in glioma stem cells (GSCs) in cell lines and freshly isolated tumors has generated conflicting data originating alternative models of glioma biology. 5 The simplistic classical model of CSCs and non-CSCs is an underestimation of the complexity of tumors and suggests that targeting only one cancer cell subpopulation will not be enough to cure cancer. The stemness phenotype model (SPM) proposes that all glioma cells have stem cell properties and the stemness of individual cells may vary from a pure GSC phenotype to a pure non-GSC phenotype, depending on specific microenviron-ments. These two phenotype extremes may interconvert to each other in permissive microenvironments. 5 The complex system model (CSM), similar to the SPM, proposes that non-GSCs and GSCs can interconvert into each other. 6 A third model, here called reprogramming model (RM), suggests that non-GSCs may reprogram into GSCs. 7 Further experimental data support the concept that the phenotype of cancer cells, including the stemness, depends on the microenvironment: the regulation of CD133 by hypoxia, 8 promotion of the stemness phenotype by acidic stress, 9 maintenance of the stemness phenotype in the perivascular niche, 10, 11 and the differentiation of stem-like cells along tumor and endothelial lineages. 12 Remarkably, all these new models above mentioned predict that to cure gliomas all cancer cells should be eliminated at once, otherwise any surviving cell will be able to generate a new tumor. In other words, development of therapies against putative GSCs will not be useful unless non-GSCs and cancer cells with intermediate phenotypes are targeted simultaneously. These findings related to glioma stem cells may be extrapolated to other types of tumors. Therefore, if we really want to cure cancer, we need to develop and put into clinical practice novel strategies or novel drugs or combinations of drugs that can eliminate 100% of cancer cells. The search for new therapies or drugs will also change the way we currently perform pre-clinical anticancer drug screening. In this regard, we need to develop or improve two main aspects of anticancer drug screening for the evaluation of anticancer compounds: i) novel proliferation assays and additional endpoint parameters able to monitor the ability of drugs to deplete 100% of cancer cells; and ii) novel animal models of cancers which can monitor tumor relapse after experimental treatment. The accomplishment of these goals at the pre-clinical level will allow more useful anticancer drugs to be selected and translated into advanced clinical trials.
